Vocal cord dysfunction (VCD) is the abnormal adduction of the vocal cords during inspiration or expiration that results in varying degrees of airway obstruction. VCD is more common in female patients and usually presents during childhood or adolescence and continues up to age 40 years. Studies have found an increased prevalence of VCD in female athletes and academic high-achievers compared with the general population. VCD is often misdiagnosed as asthma or exercise-induced bronchospasms because of similarities in clinical presentation. As misdiagnosis results in inappropriate pharmacotherapy, it is important for the pharmacist to have a thorough understanding of VCD to differentiate it from asthma and exercise-induced bronchospasms.
Vocal cord dysfunction (VCD) is the abnormal adduction of the vocal cords during inspiration or expiration that results in varying degrees of airway obstruction [1] [2] [3] . First described in 1842 as a disorder of the laryngeal muscles brought on by 'hysteria' and subsequently observed by laryngoscopy in 1869, VCD was called hysteric croup, Munchausen's stridor, and psychogenic stridor because the etiology was assumed to be psychological [4, 5] . It is now recognized that VCD is not solely psychological; therefore, the terminology has evolved to include factitious asthma, irritable larynx syndrome, paradoxical vocal-fold motion, paradoxical VCD, and refractory asthma [6, 7] . The clinical presentation of VCD involves wheezing, stridor, change in vocal quality, dyspnea (including upon exertion), chest tightness, cough, respiratory distress, and choking sensations [4, 8] . VCD, which occurs more often in females, especially athletes, usually presents in childhood or adolescence and lasts up to age 40 years [3, 4] .
VCD is often misdiagnosed as asthma or exerciseinduced bronchospasms (EIB) because of similarities in clinical presentation [3] . The misdiagnosis is often discovered after asthma pharmacotherapy fails to control symptoms [1] . To avoid inappropriate pharmacotherapy, pharmacists must be able to differentiate between asthma, EIB, and VCD. The diagnostic gold standard for VCD is laryngoscopy during an attack [9] .
It is possible for a person to have concomitant asthma or EIB with VCD, which makes diagnosis more difficult [3] . Studies have found an increased prevalence of asthma and EIB in athletes (recreational or elite) and academic high-achievers compared with the general population [1, 10] . The female-to-male ratio for VCD prevalence ranges from 2 : 1 to 3 : 1 [9, 11, 12] .
Epidemiology VCD is a spectrum of uncommon, complex breathing disorders related to laryngeal dysfunction, and the most common presenting symptom is dyspnea upon exertion [10, 13, 14] . The true prevalence and incidence of VCD are not known because of inconsistencies in the disorder's definition and diagnostic criteria and because patients can have concomitant VCD and EIB or asthma [9, 10] . In 148 recreational athletes and middle-school to collegiate-level athletes evaluated for respiratory complaints upon exercise, 70% had confirmed VCD [10] . Of those with confirmed VCD, 31% had concomitant EIB and 6% had concomitant asthma [10] . The femaleto-male ratio, which exceeded 2 : 1, was consistent with that in other studies that concluded that VCD is more prevalent in females, especially female athletes; therefore, pharmacists should be aware of female athletes who present to the pharmacy poorly controlled on their current asthma medication regimens.
Vocal cord dysfunction etiology
The cause of VCD may be multifactorial. VCD may be triggered by many factors that also trigger asthma or EIB.
The major exacerbating factors include exercise, airborne irritants, postnasal drip (PND), gastroesophageal reflux disease (GERD), laryngopharyngeal reflux (LPR), and certain medications.
Exercise
Exercise can trigger both VCD and EIB, making diagnosis difficult. When a patient presents with dyspnea upon exertion and is not achieving symptom control with bronchodilators, VCD should be included in the differential [3, 10] . This is important because in one study, where 96% of participants participated in sports, the most common primary respiratory complaint was dyspnea upon exertion and the most common diagnosis was VCD (in 70%) [10] . Respiratory symptoms associated with exercise occurred more frequently in younger athletes than in college athletes, and VCD was more common in females [10] . Other activities, such as talking, laughing, deep breathing, and swallowing, also can trigger VCD [15] .
Airborne irritants
Exposure to respiratory irritants has been implicated in both VCD and asthma. In patients with asthma, this is classified as irritant-induced asthma [16] . Acute or recurrent irritant exposure could lead to laryngeal hypersensitivity and result in VCD [17] . Patients should be questioned on the temporal relationship of their exposure to strong odors and substances such as perfumes, dust or particulate matter, smoke, smoldering fumes, and household cleaning chemicals and the onset of VCD symptoms [3, 6] . One irritant associated with VCD especially in swimmers and divers is chlorine [6] . Athletes with known allergies or rhinitis should avoid training environments with high levels of airborne allergens [18] .
Postnasal drip
PND can cause direct irritation of the vocal cords, resulting in VCD [19] . Common disease states associated with PND include allergic and nonallergic rhinitis, maxillofacial sinus infections, and rhinosinusitis [3] . Often these are chronic disease states, and patients therefore assume that PND is normal. PND causes airway hyper-responsiveness, especially in patients with rhinosinusitis [3] . Upon diagnosis, treatment may require months before symptoms resolve [20] .
Gastroesophageal reflux disease and laryngopharyngeal reflux
GERD has been estimated to be as high as 60% in the general population and has been associated with VCD and asthma [21] . The precise mechanism of GERD in VCD has not been fully elucidated but is thought to be secondary to laryngeal damage. Symptoms of GERD include throat clearing, hoarseness, chronic cough, heartburn, burning sensation in the throat, acid regurgitation, chest pain, and wheezing [21, 22] . Treatment of GERD to improve VCD symptoms is helpful only in some patients [3] .
LPR is the retrograde flow of gastric secretions into the laryngopharynx, which is highly susceptible to these secretions [21] . Upon repeated contact with the laryngeal mucosa, these gastric secretions can cause laryngeal inflammation, resulting in VCD [21] . Chronic PND and LPR may lead to increased laryngeal sensitivity and subsequent laryngeal hyperresponsiveness [21] . Symptoms of LPR include persistent throat irritation and tightness, excessive mucus production, dyspnea, and stridor [23] . Dyspepsia and heartburn are less common in LPR [23] .
Patients with VCD may not report classic symptoms of acid reflux or heartburn even in the presence of laryngoscopic evidence of laryngeal inflammation [6] .
Medications
Extrapyramidal signs, such as torticollis, are associated with neuroleptic drugs and metoclopramide, which may result in a focal dystonic reaction and have been reported to lead to VCD [3, 24] . These events are rare; however, the pharmacist should conduct a thorough medication review in patients presenting with symptoms of VCD [12, 25] .
Evaluation and management
Before pharmacotherapy is initiated, objective testing for EIB or asthma should be done [11] . Because of the common misdiagnosis of VCD as asthma or EIB, patients should not be treated for asthma based on symptoms alone; objective tests must be conducted [3, 10] . To differentiate the diseases, a thorough patient history with physical examination should be conducted to determine which factors precipitate an attack, and spirometry should be performed by a trained professional [6] . Spirometry should be conducted to determine the presence of asthma or EIB [6] . Once asthma has been ruled out, the diagnosis of VCD should be considered and confirmed by laryngoscopy. As explained previously, laryngoscopy is used to observe the abnormal adduction of vocal cords during inspiration and to rule out other laryngeal anomalies [17] . Because VCD is multifaceted, a multidisciplinary approach to management is necessary [6] . Pulmonologists, otolaryngologists, physiatrists, clinical psychologists, allergists, and speech therapists work together in the diagnosis and management of VCD. Therefore, it is important for the pharmacist to monitor the patient's medications for drug interactions or duplication of pharmacologic classes prescribed by multiple healthcare providers.The management of VCD is multifactorial, with speech therapy universally considered the cornerstone of treatment [11] . The purpose of speech therapy was to teach the patient to maintain an open airway during respiration, and success rates are as high as 95% in female athletes [1] .
Other nonpharmacologic management techniques are to approach the patient in a calm, reassuring manner to help terminate an attack and to use chronic therapies such as biofeedback, psychotherapy, and/or hypnosis [11, 17] . Pharmacologic therapies that have shown limited benefit in acute attacks include benzodiazepines, inhaled heliox, and nebulized lidocaine [11] . The benzodiazepine selection and dosage depend on the patient's individual needs. It should be emphasized that benzodiazepines have the potential to be habit-forming and can result in abuse or misuse [26] . Heliox is a gas mixture of 70-80% helium and 20-30% oxygen [27] . Nebulized lidocaine has been administered at concentrations of 1, 2, and 4%, but levels exceeding 5 μg/ml are associated with serious toxicity; therefore, the pharmacist should be careful not to exceed these investigational doses [28] . Limited data have also demonstrated that inhaled ipratropium bromide (two inhalations prior to exercise) is advantageous in preventing exercise-induced symptoms [29] . None of these agents are Food and Drug Administration approved for this use.
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